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CLAIMS /SPECIFICATION 

1. TITLE OF THE INVENTION: 

FLUORESCENT SCREEN AND RADIATION DETECTION DEVICE 

2. CLAIMS: 

(1) A fluorescent screen characterized in that a number of through 
holes with high directivity in a direction perpendicular to a surface 
of one silicon substrate or two or more stacked silicon substrates 
are formed and a fluorescent material is sealed into the through holes . 

(2) A solid-state radiation detection device comprising: 

a fluorescent screen in which a number of through holes with high 
directivity in a direction perpendicular to a surface of one silicon 
substrate or two or more stacked silicon substrates are formed and 
a fluorescent material is sealed into the through holes; and 

a one- or two-dimensional semiconductor photodetector element 
bonded to the fluorescent screen. 

(3) The radiation detection device according to claim 2, wherein the 
semiconductor photodetector element is bonded to only one side of 
the fluorescent screen. 



(4) The radiation detection device according to claim 3, wherein a 
light reflecting film is formed on a surface of the fluorescent screen 
to which the semiconductor photodetector element is not bonded. 

(5) The radiation detection device according to claim 2, wherein the 
semiconductor photodetector elements is bonded to every surface of 
the fluorescent screen. 

3. DETAILED DESCRIPTION OF THE INVENTION: 
[Field of the Invention] 

The present invention relates to a fluorescent screen for one- 
ortwo-dimensionally detecting radiation such as X-rays , y-rays, a-rays 
or p-rays and to a solid-state radiation detection device. 
[Prior Art] 

As shown in FIG. 1, a number of elements formed by bonding a single 
crystal scintillator 2 to an incidence surface of a photomultiplier 
1 are used as a radiation detection device used in X-ray computed 
tomography CT or positron CT, or as one- or two-dimensional radiation 
image sensor. This detector has a resolution of as small as several 
millimeters because of the limitation on downsizing the 
photomultiplier 1 and requires a large space as well. 

FIG. 2 shows an example of another radiation detection device, 
which is so structured that a number of single crystal scintillators 
3 bonded via partition plates 4 are bonded to a photodiode array 5 
as a photo detector. This detector requires a number of manufacturing 
steps because the single crystal scintillator 3 needs bonding one 
by one and its resolution is as small as 0 . 5 millimeters . Furthermore, 
there has been a problem that it is difficult to two-dimensionally 
bond a single crystal scintillator. 

In addition to the above, there is another radiation detection 
device using for example a Xe ionization chamber, vidicon or image 
pickup tube. However, it is difficult to apply the former radiation 
detection device using the Xe ionization chamber to a two-dimensional 
detection and it needs measures for voltage endurance and pressure 
resistance as well. Furthermore, its resolution is as small as 1 
millimeter. The latter detector using a vidicon or the like is 
expensive, hard to produce, smaller in resolution, and bulky. 



[Object] 

An object of the present invention is to provide a fluorescent 
screen which is easy to produce, possible to be downsized, has a higher 
resolution, and is applicable to one- or two-dimensional image sensor, 
and a solid-state radiation detection device using the fluorescent 
screen. 

[Constitution] 

The fluorescent screen according to the present invention is 
constructed in such a manner that a number of through holes are formed 
in a surface of one silicon substrate or two or more stacked silicon 
substrates, the through holes having high directivity in a direction 
perpendicular to the surface, and a fluorescent material is sealed 
in the through holes. 

In the fluorescent screen according to the present invention, 
use of a silicon substrate facilitates forming through holes in a 
high density configuration and with high directivity by an anisotropic 
etching process. 

The radiation detection device according to the present invention 
is constructed by bonding a semiconductor photodetector element to 
the above fluorescent screen. 

The present invention is described in detail below with reference 
to examples. 
[Examples] 

FIG. 3 shows a principal portion of an example according to the 
present invention. Reference numeral 10 denotes a fluorescent screen 
and reference numeral 20 denotes a semiconductor photodetector element 
bonded to the fluorescent screen 10. 

In the fluorescent screen 10, a large number of holes 12 having 
high directivity passing through from one side to the other of a silicon 
substrate 11 are formed therein. A fluorescent material 13 as a 
scintillator is sealed in the through holes 12. 

The through holes 12 are formed by the anisotropic etching method 
described later in order to provide excellent directivity therefor, 
for this reason, the silicon substrate 11 has a plane orientation 
<100>. 
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As a fluorescent material sealed in the through holes 12 , a powdered 
scintillator such as ZnS(Ag), ZnS(Cu), or Gd 2 0 2 S(Pr / Ce, F) may be 
used, alternatively, a scintillator with a relatively low melting 
point (m.p. = 500°C to 700°C) such as Nal (Tl) , CsI(Tl), CsI(Na), KI(T1), 
Lil(Eu), or CsF may be melt therein. The fluorescent material can 
suitably be selected depending on the kind of a ray used for the 
measurement. For example, ZnS(Ag) and Lil(Eu) are suitable to 
measurement using a-ray or neutron beam. Gd20 2 S (Pr, Ce, Fe) , Nal (Tl) 
and Csl are suitable to measurement using y-ray or X-ray. 

The fluorescent screen 10 may be formed by one-dimensionally 
arranging through holes 12 having a rectangular sectional shape as 
shown in FIG. 3 or by two-dimensionally arranging through holes 14 
having a circular sectional shape as shown in FIG . 4, alternatively, 
by one- or two-dimensionally arranging through holes having other 
kinds of sectional shapes. 

The silicon substrate 11 may have a small thickness when a radiation 
with a small penetrating power such as a-ray or neutron beam is used 
for measurement, on the other hand, it may be made thick when a radiation 
of a large penetrating power such as y-ray or X-ray is used for measurement . 
However, if the silicon substrate 11 is too thick, it becomes difficult 
to form through holes 12, 14 with high directivity, and in such a 
case, it is preferred that two or more fluorescent screens 10 formed 
by using silicon substrates 11 with a suitable thickness are bonded 
to and stacked on each other. 

In order to form a solid-state radiation detection device by using 
the fluorescent screen 10, it is preferable to bond a semiconductor 
photodetector element 20 to the fluorescent screen 10 by means of 
an adhesive as shown in FIG . 3. 

As the semiconductor photodetector element 20, aphotodiode array, 
or CCD-, MOS-, CID-, SIT-, PCD-, CPD-, or BBD-type image sensor may 
be used. Photodetector portions 21 of the semiconductor photodetector 
element 20 are one- or two-dimensionally arranged corresponding to 
the shape and arrangement of the through holes 12, 14 of the fluorescent 
screen 10. 

It is preferable to use an epoxy- or polyester-based light 
transmissive adhesive as the adhesive. 
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In the radiation detection device according to the present example, 
a radiation such as X-ray incident on the fluorescent screen 10 causes 
the fluorescent material 13 in the through holes 12, 14 to exhibit 
a scintillation effect to thereby emit light. By detecting the light 
with the semiconductor photodetector element 20, the position and 
strength of the incident radiation can be detected. 

FIG. 5 shows another example of the radiation detection device 
according to the present invention. A photodiode array 23 as a 
semiconductor photodetector element in which a P-type photodetector 
layer 21 is formed in an N-type substrate 22 is bonded to one surface 
of the fluorescent screen 10 with an adhesive 30, and a light reflecting 
film 40 is formed on the other surface of the fluorescent screen 10, 
that is to say, on the surface upon which a radiation is to be incident. 
Reference numeral 24 denotes a Si0 2 film for passivation of the 
photodiode array 23. 

As the light reflecting film 40, there may suitably be used an 
evaporated film of aluminum or gold, or a coated film of a white paint 

of Ti0 2 or BaSCV 

In the present example, for the light emitted from the fluorescent 
material 13 by radiation incidence, the light emitted toward the 
photodetector layer 21 of the photodiode array 23 is received by the 
photo detector layer 21, and in addition thereto, the light emitted 
in the opposite direction is reflected by the light reflecting film 
40 and is also receivedby the photo detector layer 21, thereby providing 
the advantage of increasing the radiation detection sensitivity. 

FIG. 6 shows still another example of the radiation detection 
device according to the present invention. 

In the present example, photodiode arrays 23 as semiconductor 
photodetector elements are bonded on the both surfaces of the 
fluorescent screen 10. 

This case also provides the advantage of increasing the radiation 
detection sensitivity as is the case with the example shown in FIG. 
5, because the light emitted from the fluorescent material 13 is received 
by either photo detector layer 21 of the photodiode arrays 23. In 
this case, since the photodiode array 23 is bonded also to the radiation 
incidence side of the fluorescent screen 10, this configuration is 
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suitable for measurement using a radiation with a large penetrating 
power such as y-ray or X-ray. 

The production process for one example is described below with 
reference to FIG. 7. 

Oxide films (Si0 2 ) 15 are formed on both surfaces of a silicon 
wafer substrate 11 with a plane orientation of <100> by a conventional 
thermal oxidation (FIG. 7(A)). 

In the next place, portions of the oxide films 15 positioned at 
locations where through holes are to be formed are removed by a 
lithography technique to form openings 16 (FIG. 7(B)) . In this example, 
although the oxide films 15 on the both surfaces of the substrate 
are etched in order to reduce side etching in an anisotropic etching 
in a subsequent step, only the oxide film 15 on one surface thereof 
may be etched. 

Then, an anisotropic etching is applied on the silicon substrate 
11 by using the patterned oxide films 15 as masks to thereby form 
through holes 12 (FIG. 7(C)). As the anisotropic etching, it is 
preferable to adopt such means that the etching speed in the direction 
perpendicular to the surface of the silicon substrate 11 is higher 
than that in the direction parallel to the surface thereof. The 
anisotropic etching includes a chemical etching method using an 
anisotropic etching liquid such as EPW (a solution made by mixing 
ethylenediamine, pyrocatechol, and water at a proper ratio) or an 
alkaline etching liquid (for example, KOH solution) , or a dry etching 
method such as a reactive etching . Since the speed of etching a silicon 
substrate when using EPW varies depending on the plane orientation 
as follows: 

<100> : <110> : <111> = 50 : 3 : 1, 
the etching of the silicon substrate 11 with a <100> silicon substrate 
using EPW as carried out in the present example makes it possible 
to form through holes having excellent directionality in the direction 
perpendicular to the surface. 

The fluorescent material 13 is sealed as a powder state or as 
molten state into the through holes 12 formed in such a manner (FIG. 
7(D)). Thus, the fluorescent screen 10 according to the present 
invention is formed. 



- 6 - 



Next, by bonding a semiconductor photodetector element such as 
the photodiode array 23 to the fluorescent screen 10 by the adhesive 
30, an example of the radiation detection device according to the 
present invention is formed. 
[Effect] 

Since the fluorescent screen according to the present invention 
uses a silicon substrate, it is possible to form therein a number 
of through holes in a high density with high directionality. 
Furthermore, since the through holes can be made by the lithography 
technique, the process steps are simple. The radiation detection 
device according to the present invention using the fluorescent screen 
has high resolution, is easy to downsize and applicable to a one- 
or two-dimensional sensor. 

4. BRIEF DESCRIPTION OF THE DRAWINGS: 

FIGS. 1 and 2 are cross-sectional views showing conventional 
radiation detection devices; FIG. 3 is an exploded perspective view 
showing a principal portion of one example of the fluorescent screen 
and radiation detection device according to the present invention; 
FIG. 4 is a perspective view showing another example of the fluorescent 
screen according to the present invention; FIGS. 5 and 6 are cross- 
sectional views showing other embodiments of the radiation detection 
devices according to the present invention; and FIGS. 7(A) to 7(E) 
are cross-sectional views showing the production steps for one example 
of the fluorescent screen and the radiation detection device according 
to the present invention. 

10 . . . FLUORESCENT SCREEN; 11 . . . SILICON SUBSTRATE, 
12 ... THROUGH HOLE; 13 ... FLUORESCENT MATERIAL, 
12 ... SEMICONDUCTOR PHOTODETECTOR ELEMENT; 
23 . . . PHOTODIODE ARRAY ; 
30 . . . ADHESIVE 
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